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5 SUPPLEMENTARY NOTA'ION 
.

ELD GROI)P SRGROUP IPhysical chemistry, inorganic chemistry, metallurgy and metallography

wtA new spectroscopic emission technique, inductively coupled plasma (IClI) optical emission spectroscopy, in conjunction
wihspark erosion or conductive solid@ nebulization (CSN), was used in obtaining rapid elemental analysis of metal alloys.

voltage sparks. The melting behavior of the alloys seems to have a more significant effect on the amount of material
eroded. Perhaps, instead of direct vaporization, the mechanism of erosion involves the mechanical sputtering of molten metal
into the aerosol. However, in a standard spark source, for which both erosion and excitation occur simultaneously, the
sample eventually must he vaporized to give an atomic emission signal. While it might be expected that melting would
not play such a significant role for standard spark sources as the CSN.ICP measurements described here would indicate,
co mparative measurements of iron emission signals from iron-nickel and iron-chromium alloys, using a standard spark
system, yield results similar to those observed in this work: the chromium alloys show much less iron intensity than nickelalloys with the same iron concentration. The important factor may be the amount of material present in the discharge
gap, where vaporization and excitation take place. The sputtering of material into the gap, and thus a melting behavior,
would then be important even in a standard spark stand. .Copper-zinc alloy results show that effects other than melting9behavior must be important for aerosol generation, but the'identity of these effects could not be determined. The results
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EXECUTIVE SUMMARY

PROBLEM

Investigate the use of the new spectroscopic emission technique, inductively coupled
plasma (ICP) optical emission spectroscopy. in conjunction with spark erosion of conductive
solids nebulization (CSN), in obtaining rapid elemental analysis of metal alloys.

RESULTS

Enthalpies of vaporization were shown not to be the determining factor in the amount
of material eroded in medium-voltage sparks. The melting behavior of the alloys seems to have
a more significant effect on the amount of material eroded. Perhaps. instead of direct
vaporization, the mechanism of erosion involves the mechanical sputtering of molten metal
into the aerosol. However, in a standard spark source, for which both erosion and excitation
occur simultaneously, the sample eventually must be vaporized to give an atomic emission
signal. While it might be expected that melting would not play such a significant role for
standard spark sources as the CSN-ICP measurements reported here would indicate,
comparative measurements of iron emission signals from iron-nickel and iron-chromium alloys,
using a standard spark system, yield results similar to those obserxed in this work: the
chromium alloys show' much less iron intensity than nickel alloys with the same iron
concentration. The important factor may be the amount of material present in the discharge
gap, where vaporization and excitation take place. The sputtering of material into the gap, and
thus the melting behavior, would then be important even in a standard spark stand. Copper-
zinc alloy results show that effects other than melting behavior must be important for aerosol
generation, but the identity of these effects could not be determined. The results of the CSN-
ICP stainless steel calibration indicate that, even though the causes of variation in the amount
of material eroded are not completely understood, the\ can be corrected b\ a simple intensit%
ratio and matrix dilution calculation procedure " hen linear cur es are produced. I he
calibration yielded superior analysis results for the main elements of stainless steels of w idel\
varying composition.

RECOMMENDATION

The use of CSN-ICP for the examination of highly allo\ed materials, rather than
standard spark analysis equipment, is recommended.
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INTRODUCTION

Spark emission analysis has been used for many years to obtain rapid elemental
analysis of metal alloys. The general principles of the technique are straightforwsard. A
medium- to high-voltage spark is used to volati/e, atomize, and excite the sample to emit
visible and ultraviolet light. Since atoms emit light at discrete vavelengths (commonly called
"emission lines") characteristic of the atomic species present. it is possible to disperse the
wavelengths with a grating and detect light emitted by specific elements. If a calibration
relationship can be established between the intensit\ of the light at a gisen wNaselength and the
concentration of an element in an alloy sample, the alloy can be analyed quantitatiselv for
that element.

There are a number of factors that affect the calibration beha\ or of an atomic
emission line. These include variation in sample \ olati,ation, self-absorbtion of emitted
radiation b\ 'cold' atoms in the discharge plasma. and interference from coincident or adjacent
atomic lines from other elements. Consequently, calibration of Spark inStrumunts for
quantitatise analvsis is an empirical process. I sually. a different set of calibration curxes is
generated for each alloy type to be analyzed. Jhis results in considerable expense in operator
time and training, and requires a large number of different (and expenSise) standard reference
materials. I he operator must be \ igilant to be sure that the calibration standards he is using
match the sample being analyled: otherisc. inaccurate analsseS \ill result. In some cases.
particularly for highly alloyed metals in wNhich the concentrations of alloying elements can sar\
%\del., it is impossible to generate acceptable calibrations. It is suspected that the difficult\
encountered in analyzing highly alloyed metals is caused because changing the content of the
alloying elements in a metal alloy drastically changes the amount of sample that is \ olatized.

Recentls. a nev\ spectroscopic emission technique. inductisel\ coupled plasma (ICP)
optical emission spectroscopy. has become popular. I he IC'P is generated int a stream of argon
gas that is ionized b\ an induction field set up b\ a coil surrounding the quart/ torch that
channels the argon stream. I he sample is introduced Lip the central axis of the c\lindrical torch
and Is excited to emit light by the plasma Because the Sample I,, excited in the center of the
plasma, the light source is opticall thin and produces \ers linear calibration curses. In
addition, the IC'P operates at a temperature that is high enough (50)0-I00)00 K) to produce
atoms of e\en refractor\ materials. 'suall%. the ,ample is introduced into tle IC'P as a liquid
solution. This can sometimes be a limitation for the anal\sis of metal allo\s. since it can be
difficult to completels dissols e ,ome metal allos. 1-urtlhcrmore. the d issoluton step is tisuall\
time-consuming and susceptible to errors.

In the last fess years, a technique has been de\eloped to introduce metal samples to the
ICP in a more consenient manner. The method is called spark erosion or conductive solid
nebulization (('SN). 1 his method emplo. s a spark source to erode material from the alloy and
produce an aerosol that is introduced into the plasma. lhis a\oids the sample dissolution step
in I('P anal\ssis. set still allosS the use of the fas orahle properties of tile I(P .is an emission
source. It is a particularl\ interesting method of atlal\sis because the generation of aerosol is
separate from the excitation process. It is thus possible to separate complicating effects in the
aerosol generation from those in the excitation.

Since the CSN is realls just a classical spark source connected to a \er\ linearelemental detector, it prosides an excellent Ilethod to stud\ the p ieS of ,anple erosion

caused b\ the spark source. I he sample crosion propcttics of ,c\oeitl allos s\ irc e\atnined here

%4ith (SN-IC('. An attempt is made to correlate, at least qualita\ elk. this crosion beha\ or
ith the ph\sical properties of the alloy. Results from an actual anal\ tical calibration u1sing

CSN-I('P are gisen to illustrate a simple method oi cotrcotion or \arihltions In sample.c erosion

'.
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EXPERIMENTAL SETUP

SPECTROMETER

The spectrometer used was an Applied Research Laboratories 3580. The optical
properties of this instrument are described in an earlier report. I The plasma torch was operated
with 1200 watts of incident power. Reflected power was less than five watts when aqueous
solutions were introduced with a nebulier of the pneumatic concentric type. When aerosol
from the CSN was introduced to the torch, the reflected powker ran at about 15 watts.

The CSN was also manufactured by Applied Research Laboratories. A simple
schematic of the principle involved is show n in figure 1. The CSN consists of a spark source
and a spark analysis table. Argon gas passes through the table and sweeps the aerosol that is
generated by spark activity through a length of I 4-inch plastic tubing into the plasma torch.
When the (ISN is used. the torch is connected to this tubing instead of to the normal liquids
spray chamber. Because no vater is introduced into the torch when the CSN is used. the torch
temperature is slightl\ different from that of normal liquids operation. and no OH molecular
emission bands are present in the spectrum.

i !

CAS AD EBUITE 7C' PLASMA --

Figure 1. Schematic of the sampling arrangement
for the CSN.

When the (SN is used for spectrochemical anal\sis, the procedure is to firSt purge the
system for 5 seconds with a 121 min flow of argon. I he sample is then presparked for
20 seconds with the argon flow reduced to 51 min. Finall, the source conditions are changed
and the argon flow, reduced again to II min\, hile signals are integrated A rough schematic of
the sparking circuit is shown in figure 2. The capacitor C is charged to a preset \oltage b the
charging circuit. When the capacitor is fully charged. at high \oltage (I -kV) spark on/,,, a
path to the sample and the capacitor discharges through I and R to attack the sample. I his
charge and discharge cycle takes place at 120 H/. I he capacitor \aluC is fixed at 1(0 pl. )uring
presparking. 1. 20 pH and R is remo ed from the circuit. I lie capacitor i, charged to 500 V

.1
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for iron, nickel, and copper-base materials. and 350 V for aluminum. T he purpose of
presparking is to melt and homogeni/e the sample surf'ace. JThe conditions are thus chosen to
provide a high discharge current. During integration. 1. z:120 PH. R :: 2.2 11. and the capacitor
is charged to 400 V for iron, copper. and nickel bases, and 350 V for aluminum. Uinder
integration conditions, the resulting spark current is essentially a semisinusoidal pulse of' about%
0.5-rms duration. When the capacitor is charged to 400 V,. the peak current in the pulse is about
60 A. Because R is larger than the resistance of' the samples OA hich are ty picallN a fes tenths of
an ohm), the current provided during integration is essentially constant, and independent of the
sample. Consequently, the energy expended in the discharge gap remains relati'.elv constant.

SL

:CHARC]TNG -i- ---- .

CICI .- 
%

O V~~I or,& S

Figure 2. Rough schematic of the CSN sparking circuit.

STANDARDS

(opper-base binar\ standards \,icrc obtained from B\N I- Metal" I eehnolov\ (eniter ol
W~antage. I ngland. (hrorruin-iron binaries and nickel-iron binaries \iiere obitained friomi S KI
Steel. Ss eden, and the Research I nstitute oit Sideruruic. F-ranice. (Iron-cobalt biniaries ,k crc ailso
from thle Research Institute of Siderurgie. I StainlesNs steel standards tor anal~ical calihiation -

~%crc from the National Bureaui of Standard,, and the Brain rer Standard om pari.. In1c.. (it

HIouston, I e\a,,.

AEROSOL. COLLIECTION

,Aerosol that Asas genriated b\ thle ('S\ '.sas collcted as\ ,110\\1 Inl figure 3 I)ujrng thle
purge and prespark cx des. the ail~ e '.sas set to \Ctnt thle aerosol to thle rooni. IDuring the
integration LC] c. the %alsc \e , NsAss itched to direct the aerosol into thle filter assemlhx M here the
aerosol " as collected on the filters i he filterN used \s crc 25mm in dia mecter and made of glas
fibers. I he purge time ' s as 5 seconids. 111 lie r 'pak t'c -rolds. anrd the integriation timec \\as
30 seconds,. [or copper-base mater als. Olt.~ %kaN Sderuloid-Q ow I rolled to sxsirehl henl thle

integration cx clc started. It \s as found that th, s olcnoid \ a Is inrterfer ed ss ith lte transfer of .

ferrous material, so for iron-nickeCl blliarie, thle solenoid \ al\s %kA i~ relace-d \k1 it hand- -

oiperated %ake.

For each sample c\anmred thre itersIICI \\Lire eL'Lted \11ll1 threflters \NCre put Inl a
teflon beaker and the aerosol "its dassokedi it) ArLId rid rikeri 1 J~ tanil \ olumeio of 251 rill, I-of
iron-nickel binaries. I rill oif coriceit atetf run a..ard I nil1 (t n1MICr rated~ phosphoric acid skas
used Copper- base material,, s eve d ass, d dk~ir Ii rill 11 kmtl rcent rared nit nlc acid. [hei solution,

% %~* %.....



obtained were then analwed h\ u sing con\ entional-liquids 1CIP. TIo account for impurities
already present in the filters, at blank consisting of' three clean filters was also suhjected to the
same procedure for each collectionl runl.

VALVE

AEROSOL---,.K VENT TO ROOM -

FILTER 'SSEMBLY--

Figure 3. Aerosol collection arrangement -

INTENSITY MEASUREMENTS

F-or intensit\ measurements. the Output of the (SN' kkas connected to the plasma torch.
After the lines wecre purged %k ith 12-f min argon lor 5 sccond, . samples xx crc subjected to a
20-s prespark. Intensities xx crc lien integrated for 5 s h\ using2 thle readout electronics of the
spectrometer. -The intensities reported \,.ere an ax erage ot at least three runs. Relatix e standard
de\ iat ions for the intensit\ measuremenctts xxi- rcusuIa lk 21 or less. I abhle I show, the emission
line,, that "e rc used] for intensit\ measurements. I hie F-2-'3.96-nni line "itas used] for iron-
cobalt binaries because of a cobalt interference onl the more coniotil used l-e-2' 1.44-nmi line.



Table 1. Emission da elcngthby

Copper base

Element \kac~iw eeh mi ur

Cu 224 26
Zn33.2
SN 1,,9 L)N

Iron base:

Element "d eler th l i

Cr 2~~

I ~ ~ ~ ~ ~ S c I i iiior

II

1 71 44

Ll~

S Mt -

Ni 2124



RESULTS AND DISCUSSION

AEROSOL COLLECTION

The results of aerosol collection experiments and CSN intensity measurements for a
set of copper-zinc and a set of iron-nickel binary alloy standards are gi~en in table 2. -fhe
18.4 ppm of iron found in the collection solution from National Bureau of Standards 1265 (an
electrolytic iron standard. 99.9'( pure iron) corresponds to a sample erosion rate of 5 I pg ,.
During normal liquids ICP. a 0.5C metal s,:ution is aspirated at 2.5 m min. Assuming a
1C' sample nebulization efficiency (which is typical for the type of nebuli/er used), this would
correspond to an injection rate of 2.1 ug s of metal to the torch. Earlier work I has sho% n that.
for steels, the signal intensities from CSN injection are about five times greater than those from

liquids injection of a 0.5"1 metals solution. For these results to be consistent, either the liquid"
nebuli/ation efficiency is less than 1I * or some of the increased intensity observed with the
CSN is the result of increased torch temperature. A comparison of the intensity of argon
418.19-nm and 419 83-nm emission lines with and without liquids injection shov, s that the
intensity of the argon lines decreases bv more than a factor of two when liquid is injected. this
suggets that some ol the increase in emission intensit\ observed with the CSN mas well he the

rcsuh of an increased torch temperature.

f able 2. Aerosol collection and emission intensity results.

COPPER-ZINC ALLOYS

Zn
Sample Intensit. Cu found C7('u Ci('u intensity Zn found (7Zn c7Zn

(mV) (ppm) found certified (mV) (ppm) found certified

4 1251 '945 12.8 9929 99.0 4.96 0.09l (C .1 f000
3010 I 05' 13.39 94.45 95.32 9S. I 0,79 5.55 4.68
3009 119 11.71 88.7 9ff2f 187- 1.5f 11.31 9.80

I00 595f 10.'73 844 85 15 28!.2 1.98 15.t 14.84
300-' 5631 9.57 70 s2 382.9 2.7() 22ff 20.18

3005 4918 8.60 70.0 7( ffl 526.33 3.69 31.0 28.70
3003 4145 6.91 58.51 59.0! "41.1 4,90 41.5 40.19
300tl1 3811 6.32 53.3 53.f 7 5.54 46.7 46.2

IRON-N I('Kt[l Al I.OYS

Iic Ni
Sample intensitt Fe found F7 -e (7Fe intensit\ NI found (Ni '7 Ni

(n\') (ppmf found certified (mV) (ppm) found certified

1265 3756 18.4 99.6 99.09 10.4 0)0" 0f.40 0,'0O
21 384f0 19.4 99.2 99.38 19.1 ff. 16 08f0 0.62
4H 4025 19.4 96.7 96.9 58.2 f66 3.28 3.10
2c 3992 19.5 94.7 94.56 94.9 I 09 5.28 5.44
33871 19 5 89.9 89.6 1 6 2 1 0 I1O 10.37

4A 3762 18 I x2.4 xl.55 328 3 6 1" 18.5
51 3732 18.1 78.9 77.99 4f1 4 S5 21 1 22.0

871- 3967 19.7 71 5 69.9 649 7.84 28.5 30.1
88[) 3353 16.65 61.5 6f0 SO66 1041 38 5 40.0
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Comparison of the percentage of zinc found in the aerosol wkith the percentage certified
in the samples show that for all standards a higher percentage of zinc Aas found in the aerosol
than was certified in the samples. While this might be expected. since zinc is more volatile than
copper (the boiling point of zinc is 908 0 C xersus 2547C C for copper), the difference is quite .l
small, just larger than the experimental precision. In the iron-nickel alloNs. a higher percentage
of nickel was found in the aerosol at loxe nickel concentrations, hut a lox~er percentage was
found in the aerosol at high nickel concentrations,. Again, the difterences are small- Nickel is
onlN slightl, less xolatile than iron I boiling point of 22 C x rsus 28" C for iron). The fairlx
close agreement bet%,een the composition of the sample and the composition of the aerosol xxas
some~hat unexpected. particularl. for the copper-zinc sxstem. Because of the great difference

in boiling points of copper and /inc, more tractional distillation of zinc xsas expected.

Plots of CSN signal intensit\ \crsus the concentrations of nietal found in aerosol
collections are gixen in figure,, 4. 5. 6. and ' In general. it \%a,, found that the ('\N intcnsit\ is
reasonably "ell correlated \kith the amtount and composition of the aerosol eroded figure "
shows a plot of the "normahied" e ,,in ntcnilx\ of the latrix element '.erstis the total
amount of metal collected for the iron-nickel allo, I he normah/ed intensit\ is defined as
100 times the measured emission intensitx of the matrix element in the sample. dixided bx the
product of the emission intcn,,it\ of a sample of the pure matrix element and the fraction of the
matrix element in the sample, I hus the nornali/ed intensity of a pure iron sample is defined to N
he 100. No cxidence of an\ maior nonlinearit\ or sclf-absorhtion of the emission lines is .
obserx ed. 1hus the not malizcd emission intcnsit\, as defined above, appears to be a reasonahlx
good measure of the amount of material eroded from the sample.

'5 -
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Gu-224-nm line versus copper content of Zn 330 im fine versus zinc content of 1
aerosol collections for some copper zinc aerosol collections for some copper zinc
alloys alloys
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Figure 6. CSN emission intensity from Figure 7. CSN emission intensity from
Fe-271 -nm line versus iron content of Ni-243-nm line versus nickel content of
aerosol collections for some iron-nickel aerosol collections for some iron-nickel
alloys, alloys. "..
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Figure 8 Normalized intensity of
Fe-271 -nm line versus iron plus nickel
content of aerosol collections for some
iron-nickel alloys.
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CSN MEASUREMENTS

In addition to CSN intensit\ measurement, on the copper-iinc and iron-nickel binar\
alloys, measurements were also made for iron-chromium, iron-cobalt, and copper-tin alloys.
Figures 9 through 13 give plots of the normalized emission intensity of the matrix element
versus the alloying element concentration. If equal amounts of material were eroded from all
samples of a given alloys t ype. all of the plots in f igures 9 through 13 would be horizontal lines.
This is clearly not the case. All of thL allo\ systems studied here show significant va-iations of
the normalized emission intensity of the matrix element '%ith composition.

t. 

.

, U

A A

i! RF a,.

W, , ,,O ~. r%,
A of% ', - 4-A?. A!!

N i  

N*

Figure 9 Normalized intensity of Figure 10. Normalized intensity ofGu-224-nm line versus zinc concentration u-224-nm line versus tin concentrationfor some copper-zinc alloys, for some copper-tin alloys
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Figure 11. Normalized intensity of Figure 12. Normalized intensity of
Fe-271 -nm line versus chromium Fe-271 -nm line versus nickel
concentration for some iron-chromium concentration for some iron-nickel alloys.
alloys. '
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iFigure 13 Normalized int ensity of
Fe-273-nm line versus cobalt
concentration for some iron-cobalt alloys
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one possible explanation for the ariatiori (it the amrount of m-aterial eroded "ith

alloying is that allo~ ing afflects the entha1p.\ of \ apori/ation of thle ,ailmplc If the amount of

energy expended in the spark gap is, eoritalnt, theni NamlPC pies tl h okk er apori/ation nlt hal pies

would be more easilx eroded. \apori/ation cnithiaip\ informiationl as at funtction of alio\

composition is sclarce in the hitat tire II os c.ci, thle sa pori/aton process for anl allo\ canl he

broken into elenientar\ step".

1For an allo\ containling metals A ind B. \kith xthe! tok fiation ot R

Reaction In 11haip\ terml

A 1  B (s) - .x)A(,, +Hs)-Almi

I -x)A(s) + x B(,, -I - \)A(2) x Kg) I I-\)AIll p \ AH l.ptHi

Ax Bx(s) -(I - \tA(g) +H~ \ -L All ix I - \1-11IAIH \AIl HBI

\A here A1 H ( A) and A H (B) a re thle s a poru/at iOn Clit ha ies of pLtir A aind B. respect isc% el
and AH milsth nhap lixingk oif AX and H for thle gisen composition I hie enithaip\ oft

s aporiiation of the alio% caii he hrt ken in1to thle su inl of lie a pori/at,) fit halpies, of thle

individual elements (muiltiplied h% thle appropriate miole f raction) and thle opposite of thle en1-
thalpy of mixing. \'aluies of A H mxare ai a iabl tioIir most binar\ alios s at some ieniperatmi.re

and vapori/ation enthalpies of pure metals are wsell tabulated Compared to the \aporiiation .-

enthalpies. w~hich run from 30-120) keal g-atom for the metals considered here, the enthalpies
of mixing are small, ranging from about -2 to +2 Kcal g-atom for the metal alloys, eonsidered

here. [or Our purposes, it is t has1 no0t al had approximat ion to assume t ha t

Afsapalo . I-x'Bx I - )AH5, (A) , \Al (H)A

All ahls \p Xap

I able 3 iets es values of the a pori.'ation enithal p. Calculated in thIiis manner for eopper-/i tie.
coppcr-lin iroin-riiekel. aiid iron-elirorni~i alloys. -1 lie stil hne l apr/to nlap
for the copper-tin s\ stemn eaninot accounit f or the large ehla ne inltiormali/ed emission intensitN

that are obsers ed in figure 10. I-ti rtlicrmtire, the \apori/ation enthaipies, of the more highly

allo> ed eopper-/inc allos s are much smaller than tilie s apori/ationl ent halp% of tile 9.511 copper-
tin allo\. \et the ecipper-tini a ilo\ shio\N, s ia rl\ 4("1 more riormiali/cd intensits . I iere is s~er
little difference bcetsseei t he apori/at ion emithlalpics of the ironl-el r0 on in iii a il ii oti-nieKe
alloNys svstemis oser ans of the conicentration ranges studied, yet there are significant differences
in the normali/ed initensit ies. I hese results Suggest that \ apori/atioti ent hal p is, not at

significant factor in determining the amnount of material eroded fronil samples.

A more signiificatnt factor ili deteirniining the amiount' of material eroded semIo he
the melting poiiit of the inaterial, I his is best diusrated h\ the iron1-lironiinmallo stein\

Iron mnelts at I1538-C(. shule clirnim melts at I 189W C l.\aminaition of the phase diagraml for

this ss stem2 shoss s that, on thle add it on of chrornii to pure ironl, thle nieltfig temnperatunre

declines until it reaehes a nini in urn a it 22" chromiumii ( 150"- 0. thlen increases, toss a rds the

melting temperature of pure chroinni. [.xamniation of fignre I I shiosk ' that thle aniont of
sample eroded mirrors this behas iot ( )r the adiditi[oii of chrontirti to) pine lion. ilore maltierial

is erodfed tiiitil at niavimi is reaL lied bemss cell I W anti 2(1 chr o11ii11i. %\ IenT enponl the
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to solse tot co. O nceco C0 is deterrmined. thle abhsolute corncerntrat ion" arc determined sinipl% b\
FmuLltipl\inlg thle rekitise concnitrFittions bs coj. [or this technique to %kOr-k. three Londitioris must1,
hold. F irst, the interisit\ to conceniation dependence must be linear. as in eq natio 1).
Second. an\ background intensit\ must either be negligible or subtracted out beforehand.

Fina]%.theright-hand side of equation (3) must account for all of the elements, in the sample.
or at least 991(' of t he sam pIe composit ion. if I '( aecurac\ is desired

Wk hen this miatrix dilution met hod is, applied to thle a na lxsis of at material such as

stainless steel x ith at col\ entional spark source, it usuall\ fails., since the calibration curs es are
not linear. Because of the greater linearit\ of calibration relations for the ('S%-IC'P sxstemn. it

s, as f-elt that a matrix dilution calibration migLht s\ ork for- stainless steels, using the(S -IC.

F-igu re,, 15 alrid 16 shoss calibration plots, for nickel and chromiurm generated h\ using,
he samei stainless, steel ,tandlai it, asIn figure 1 4 rF mission inter"it ies reClat ise to thle I- I---nm

line are plotted s rsu the concentration of the element d is decd b\ the concentration of iron ill

thle sample anrd multi plied h\ 10(0. 1 he niat ri dilItI on corect ions "een1l q uite ef lectis C here.
since, despite the sxidel\ a r~i ng anmounts oif rmaterialI eroded fronm thle different sam ples. the j

Cal ibratiori curs es are \5l eI lnear. ss it h scatter determined Ia rgel% b\ thle repeata hilit\ of the
enhlission ititenisit\ measuremrienrts. It P, importa nt that these major elenient,. be determined s t h
gzood accurac\ . since the\ make uip thle largest part of thle sumnation in equlartioi 3. Significant
errors in the conc.eritrations of the major elenients s on Id lead to Inaccurate cornceritrat ions, for
lie rest of the elements, as, selI. (fjood linear calibrations, ss er also obtained for mra ngic s.

silicon, eopper. nOls bdenu jm. cobalt, niobi ini. and titanium. I has' the (SN-I C canl be Used
to anal\/ i ll range,, of stainless steels for most of the element,, of intert t An important
element that cannot be determined in the (CSN-ICP[ at the concentrations of interest for mlost
stainrless steels, is carbon. -1 fis, is, beca use of at high carbon background iritensit\ in the I C
torch.

r ''

Ott

Figure 15 Catibration curve for nickel in Figure 16. Calibration curve for chromium in
stainless steel, using CSN-ICP and matrix stainless steel, using CSN-ICP and matrix
dilution-style calibration, dilution-style calibration.
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CONCLUSIONS

The most surprising result of this work is that the enthalpies of vaporization are not the
determining factor in the amount of material eroded in medium-voltage sparks. The melting
behavior of the alloys seems to have a more significant effect on the amount of material
eroded. Perhaps. instead of direct vaporization, the mechanism of erosion involves the
mechanical sputtering of molten metal into the aerosol. Hoe,,er. in a standard spark source.
for which both erosion and excitation occur sinultaneouslv. the sample exentuallv must be
vaporized to give an atomic emission signal. While it might be expected that melting would not
play such a significant role for standard spark sources as the CSN-ICP measurements here
would indicate, comparative measurements of iron emission signals from iron-nickel and iron-
chromium alloys, using a standard spark system. yield results similar to those ohserxed in this
\Nork: the chromium alloxs shov, much less iron intensity than nickel allos ,ith the same iron
concentration. 3 The important factor may be the amount of material present in the discharge
gap. "where xaporization and excitation take place. Ihe sputtering of material into the gap. and
thus the melting beha\ior. IAould then he important e\en in a standard spark stand.

I he copper-/inc alloy results shov, that effects other than melting beha\ior must he
important for aerosol generation. but the identit\ of these ettects could not he determined.

I he results of the CSN-ICP stainlc,,s steel calibratin indicate that. een though the
* cau,,es ot xariation in the amount of material eroded are not comrpletel\ understood, the\ can

he corrected b, a simple intcnsit\ ratio and matrix dilution calculation procedure "hen linear
calibration cur\es are produced. I he calibration \ ielded superior anal\sis results for the main
elements of stainless steels of widely x arying composition. I he use Of ('SN-l('P, rather than
standard spark analsis equipment. for the examination ot highl\ alloxed materials is
recommended.
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